Research News: Direct observation of neutrino oscillations at the Sudbury Neutrino Observatory by Ananthanarayan, B & Singh, R K






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2must be mentioned that the construction of the SNO
experiment was directly inspired by an important paper
by the late Herb Chen [4]. The crucial property of
the heavy water detector arises from the fact that the
deuterium nucleus has a remarkably small binding energy
of 2.225 MeV. This may be contrasted with the typical
binding energies of 8-9 MeV/nucleon for most nuclei. As
a result, the kinetic energy of the neutrinos is suÆciently














+ p+ n; l = ; ;  (NC)
The reason why the CC reaction above is sensitive only
to the electron-type neutrino is that kinetic energy of
the neutrinos produced in the boron reaction is suÆ-





in accordance with Einstein's mass-energy equiv-
alence, whereas the muons and the tau-leptons










reaction does not have this kinematic constraint and is
therefore sensitive to all avors. The combination of
the small binding energy of the deuterium nucleus with
the NC reaction is capable of producing a characteristic
signal which can be detected when the deuterium nucleus
is shattered and the neutron is liberated. Nevertheless,
the heavy water detector observed the CC reaction above
and the ES reaction rates by 2001, but had to wait
until 2002 to observe the NC. The latter required that
ultra-pure common salt (NaCl) be introduced into the
heavy water so that the neutrons produced in the NC
reactions could be absorbed by the Cl nuclei and then
produce a characteristic 8.6 MeV gamma ray signal.
Otherwise neutrons were detected by characteristic 6.25
MeV gamma ray when they get absorbed by deuterium in
heavy water. The neutron absorption probability in heavy
water is about 25% which increased to 85% by addition of
ultra-pure NaCl. This was achieved and the results sub-
sequently reported in Ref. [1]. The nal numbers quoted
therein translate to 2/3 of the electron-type neutrinos
oscillating into muon and tau type avors. Furthermore,
the observation of a non-vanishing day night eect shows
that there may be some regeneration of the electron type
neutrino ux in the passage of the neutrinos from the
sun through the earth. Such an eect, known as the
Mikheyev-Smirnov-Wolfenstein eect, has been studied
in the past and is now likely to be constrained quite
eectively, or alternative vacuum oscillation scenarios are
likely to be constrained as well. For a recent discussion
of the impact of the SNO measurements on theoretical
scenarios, we refer to ref. [5].
It must be mentioned again that the advantages of
the heavy water also leads to the possibility of large
backgrounds. In fact, the SNO experiment is located
deep underground in nickel mines in Canada, and the
heavy water which is stored in a large acrylic container
is also surrounded by jackets containing normal water in
order to absorb radiation from the surrounding rock and
also from cosmic ray sources which could easily generate
spurious signals which serve as a background.
In conclusion, we note that the remarkable experi-
ment at SNO based on the deep insights of Chen has
resolved the solar neutrino problem in favor of a solution
arising from neutrino oscillations, rather than from
unknown inadequacies of the standard solar model. The
SNO collaboration is expected to improve its statistics and
bring down uncertainties in their measurements and will
pave the way to conrming and constraining theoretical
scenarios which account for neutrino oscillations.
The article so far has been identical to Version 1.
Errata to Version 1: The published results of SNO
on the evidence for neutrino oscillations relies on the ob-
servation of the gamma radiation from neutron capture on
deuterium, and not from data taken after salt addition, as
incorrectly stated in our article. The radiochemical mea-





perchloroethylene), not carbon tetrachloride (C Cl
4
) as
stated. It may also be noted that the ES reactions also
involve NC and not just CC events. We thank the SNO
collaboration and M. V. N. Murthy for pointing out these
errors.
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